Controlled trials provide critical tests of hypotheses generated by meta-analyses. Two recent meta-analyses have reported that gray matter volumes of schizophrenia and bipolar I patients differ in the amygdala, hippocampus, or perigenual anterior cingulate. The present magnetic resonance imaging study tested these hypotheses in a cross-sectional voxel-based morphometry (VBM) design of 17 chronic schizophrenia and 15 chronic bipolar patients and 21 healthy subjects matched for age, gender and duration of illness. Whole brain gray matter volume of both the schizophrenia and bipolar groups was smaller than among healthy control subjects. Regional voxel-wise comparisons showed that gray matter volume was smallest within frontal and temporal regions of both patient groups. Region of interest analyses found moderately large to large differences between schizophrenia and healthy subjects in the amygdala and hippocampus. There were no group differences in the perigenual anterior cingulate. When schizophrenia and bipolar groups were directly compared, the schizophrenia group showed smaller gray matter volumes in right subcortical regions involving the right hippocampus, putamen, and amygdala. The hippocampal and amygdala findings confirm predictions derived from recent meta-analyses. These structural abnormalities may be important factors in the differential manifestations of these two functional psychotic disorders.
Introduction
The issue of differences and similarities in the neuroanatomical structure between schizophrenia and bipolar disorder, and how each group differs from healthy individuals, is a long-standing question in psychiatry (Baumann and Bogerts, 1999) . Over the past two decades, magnetic resonance imaging (MRI) has been useful in revealing neuroanatomical substrates in patients with bipolar disorder and schizophrenia. More recently, voxel-based morphometry (VBM) (Ashburner and Friston, 2000) has been increasingly applied to further elucidate structural brain changes associated with these functional mental disorders. VBM is a fully automated whole brain image analysis technique that involves the voxel-wise comparison of segmented gray and white matter between at least two groups of subjects (Ridgway et al., 2008) . It allows for comprehensive exploration of whole brain structures that can be integrated with a priori hypotheses about regions of interest.
Two meta-analyses completed to date have sought to clarify the neuroanatomical differences between bipolar and schizophrenia patients and to identify differences between each patient group and healthy controls. In a meta-analysis of VBM studies that encompassed 2058 schizophrenia patients and 366 with bipolar disorder, EllisonWright and Bullmore (2010) found widespread gray matter reductions in the schizophrenia group compared with healthy controls that included the insula bilaterally, dorsolateral prefrontal cortex, superior temporal cortex, bilateral hippocampal-amygdala region, thalamus, anterior cingulate, medial frontal gyrus and posterior cingulate. Increases were found in the right globus pallidus extending to the head of the left caudate nucleus. In the same meta-analysis, smaller gray matter volumes were found in the right and left insula, perigenual anterior cingulate, and subgenual anterior cingulate in the bipolar studies, though not in the bilateral hippocampal-amygdala regions. The areas of reduced gray matter observed in studies of biplolar patients overlapped substantially with areas of reduced gray matter in schizophrenia patients, though the reductions seen bilaterally in the hippocampal-amygdala area among schizophrenia patients were not observed in bipolar patients. An area of the perigenual anterior cingulate cortex was selectively smaller among bipolar patients than healthy controls, a region where no differences between schizophrenia patients and healthy controls have been found. Arnone et al. (2009) carried out a meta-analysis of volumetric studies, using a variety of methods to segment magnetic resonance images, and found smaller volumes in the right amygdala among 
Contents lists available at ScienceDirect
Psychiatry Research: Neuroimaging j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / p syc h r e s n s
